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RiBCOidable optical lecoid carrier for moltilevel recording 



The present invention relates to a recordable optical record carrier, and in 
particular to a write once read many (WORM) disc, comprising a recording dye layer. 

WORM discs such as CD-R or DVmR as well as re-writable discs have seen 
an evolutionary iiKsrease in data edacity by increasing ihe numerical ^erture of the 
objective lens and a reduction of the laser wavelenglh. The total data capacity was increased 
ftom 650 MB (CD, NA = 0.45. X- 780 nm) to 4.7 GB (DVD. NA = 0.65. >.= 670 nm) to 
finally 25 GB (Blu-ray Disc (BD), NA = 0.85, X= 405 nm). 



In case of WORM discs <tye recording is the writing principal of choice: CD-R 
discs have heen introduced several years ago and DVD+^R discs become more and more 
gpneiaUy accepted both employing dye recordmg. Dye recording is also exploted as option 
for BD-R recording. Dye recordmg type discs are typicaUy composed of a polycarbonate 
substrate having an organic dye layer appUed as recording layer on a first surfece. Known 
dye materials are cyanine, phthalocyanine and metallized azo. A reflective metal layer, 
typically a gold or silver layer, is attadied to a second surfece of said recording layer 
opposite to the substrate. A writing laser heam entering the stack fixim the substrate side will 
be partially absorbed by the recordmg layer, which is heated m that way. Thereby, the dye 
pigments durably and irreversibly diange their color and structure, i.e. the recording layer is 
locally bleached and decon^osed. Also, some mechanical definmation of the recordmg stack 
may occur. A reading beam striking a marie written in that manner will be partially scattered 
by the bleached area. Consequently, the intensity of the Kght reflected at said reflective naetal 
layer depends on whether the readmg beam strikes a mark or passes tiie recordmg layer 

almost undisturijed. 

However, the above standards are not throughout con^atible so that for 
example a BD disc can be used in an ^ropriate BD recorder, only. When, BD recorders 
will be introduced m the maricet it will be advantageous tiiat a single type of write-once discs 
can be recorded in botih the known DVD recorders and the new BD recorders, hi addition, the 
compatibiUty should not he sacrificed, i.e. when a disc is recorded in bhie, it should be 
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readable in red and vice versa. Hence, there wiU be a general demand for discs that are 
recordable and/or readable at two or more wavelengths. 



Therefore, it is an objective of the present invention to provide a recordable 
optical record carrier which meets the iqicoming dranand. 

According to a first aspect of the inventian flris objective is achieved by a 
recordable optical record carrier comprising a recording dye layer, whereby said recording 
dye layer comprises at least two organic dye materials benig absoiptive at different 
wavelengths. 

A recording dye is typically characterized by wavelength dependent optical 
properties such as index of refiactian and absorption and possesses a sharp absorption flank 
around the wavelength of operation. For CD-R, DVI>+R and BD-R. these absorption flanks 
are around 780, 670, and 405 nm, respectively. The proposed recordable optical record 
earner, however, allows for recording at two or even more wavelengths, whereby only one of 
the dye materials is responsible for the change in the optical properties of the recording layer. 
When a writing laser beam is appUed to such a record carrier or disc only that <fye material is 
causing the local bleaching and deconq)osing of the entire recording layer which has an 
absorpticn function appropriate for the specific wavelength of the beam. It is noted that the 
bleaching and deconqjosition of dye is a temperature-induced process. This means that in 
case of a mature of two or more recording dyes, one of the dyes wiU absorb the laser U^t 
that corresponds to the absorption characteristics of that dye, thereby causing a local • 
temperature rise of the entire recording layer. So, although only one of the dye coni^nents is 
responsible for laser light absorption, all dyes mixed in the recording layer will decon^ose 
and bleach. 

For example, in a DVD-BD combination, two djye materials are combined 
such that both at 670 nm and at 405 mn vravelength a degradation of one of the dye materials 
may be induced by laser Ught absorption. Each absoiption is sufficient for an overall change 
of the optical properties of the recordmg layer at the location where the laser beam hits the 
recording Jayer. In that way a mark is written so as to ensure a successfiil readout operation. 

The recordable optical record carrier according to the present invention 
therefioB is also referred to as multilevel recordable disc. 
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According to a second aspect of the invention which constitutes a fiirther 
development of the first aspect the at least two organic dye materials are mixed within one 
layer thereby providing a compound material with at least two absorption flanks. 

Accordmg to a third aspect of the invention which constitutes a further 
5 development of the first aspect the recording dye layer comprises at least two recording sub- 
layers each comprising one of said at least two organic dye materials, respectively. 

Possible dyes for use in accordance with both ft® second and third aspect are 
phthalocyanines. cyanines, metaUic AZO, ete. Fur&er, special dye combmations may be 
developed that provide two absorption flanks at appropriate wavelengths. An important 
10 insight is that one of Ibe con^onents is responsible for the laser-heating-induoed 

decon^osition and bleaching but that bleaching occurs for the entire recording layer. In both 
cases, recording sub layers aud single recording layer with mixed ^e materials, the dye 
material not being absorptive fijr the appUed laser Ught is indirectly heated, fliereby being 
decomposed. 

15 According to a fourth aspect of the invention which constitutes a fiirther 

development of anyone of the first to third aspects apre-groove is provided for tracking 
purposes comprising at least two sub-grooves having different widths. 

Pte-grooves as for example standardized in ECMA-279 for DVD-R are 
appUedbefi)re die recording of any information andused to define the track location. The 
20 recording of data according to these standards is made in the center of the groove. Therefore, 
different servo signals, such as a radial push-pull tracking error signal, are derived fiom the 
light reflected at the pre-groove during reading and/or writing of tbe disc using a quadrant 
photo detector. However, laser beams vntb different wave lengths have different optical 
resolutions. Therefore, the pr^groove according to the fourth aspect of the present invention 
comprises multiple (at least two), fiir exan^le staircase sh^ concentric, sub-grooves 
having different ^opriate widths in order to ensure that a tracking signal canbe 

various reading/writing wavelengths. A record carrier applying sub-grooves has the 
advantage that marks can be written at either wavelength independent of the location on the 
track. The data capacity of such a disc, however, is limited to the lowest of die two combined 
30 standards, e.g. about 4.7 GB for a DVD-BD combination, since the data c^ity is 
determined by die track piteh and die channel bit length, bodi inclosed by the longest 
wavelength system (DVD in this case). 



25 
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According to a fifih aspect of the mvention which constitutes a fiirtJxer 
development of anyone of the first to thiid aspects a pie-groove is provided for tracking 
purposes comprising at least two consecutive sections each having different widths. 

By this means the disc can be spUt into. e.g. radial, segments. In that case^ the 
sub-grooves are not necessary and the groove shape of each segment can be optimized for the 
respective color. Hence, m each of these segments marics can be written at the ^opriate 
wavelength resulting in data of different data density. For e«n„le. the imier part of the disc 

at smaU radii can be used for recording with red light while the outer part at larger radii can 
be used for blue light recording. In such a segmented disc, the area reserved for bhie 
recording can have a reduced track pitch (radial distance between two adjacent tracks 
determining the radial data density^ for example 320 mn according to the BD specifications, 
whfle the area reserved for red recording remains at a trade pitoh of 740 mn according to the' 
DVD specifications. Also the chamiel bit length determining the tangential data density can 
be chosen according to the Blu-ray Disc specifications (channel bit length CBI^74 5 nm for 
BD system, while it is about CBI^175 mn for DVD). Both the partial txackpitxdr and cbarmcl 
bit length reduction in such a segmented disc lead to an enlarged data capacity compared to 
the sub-groove sohxtion. However, writing in red and in blue is only possible on the assigned 
segment 

According to a sixth aspect of the invention which constitutes a fiirther 
development of the fifth aspect at least one of said at least two consecutive sections 
Gonqnises at least tivo sub-grooves having different widtiis. 

By this means, a combination of the segmented disc with a sub-groove 
structure can be achieved. For example, a first segments) may be res^ for red U^t 
recording, only, comprising a pre-groove structiire according to DVD conditions (TP^40 
nm. CBI^175 nm), a second segment(s) may be reserved for blue light recording, only, 
conqjrising a pre-groove according to BD conditions (TP=320 nm. CBL=74.5 nm), and a 
third segment(s) may be readable/recordable with blue and/or red light by providing sub- 
grooves as described above. 



30 



The above an other objectives, features and advantages of the present 
imrention will become apparent fiom the followmg description of prefeixed embodiments 
thereof taken m conjunction vrfth the accompanying drawings in which 
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Fig. 1 shows a cross-sectional view of a sub-groove structure in a disc 
accordiag to a first embodimCTt of the present inventioi^ and 

Fig. 2 shows a cross-sectional view of a sub/groove structure in disc according 

to a second embodiment 



A pre-groove 100 in a recordable disc according to the present invmtion, 
hereinafler also referred to as multi color or muM level disc, is shown in Fig. 1 in a radial 
cross sectional view. i.e. perpendicular to the tangential direction of the groove. This pre- 
groove conqMTises an outer sub-groove 101 being wider and being used for tracking at a 
longer wavelength. Further, an inner sub-groove 102 is provided which enables tracking at a 
shorter wavelength. The depth and widfli of the outer and inner sub-grooves depend on the 
wavelength and the optical properties of the disc such as tiie reflectivity of the recorded and 
imrecorded state and need to be ad^jted for optimum tracking. 

For example, according to a first embodiment, a mixture of DVIH-R and BD- 
R ^ is spin-coated eitiier directty or witii an intermediate layer 1 1 3 on top of a DVD 
substrate 1 10, one being absorptive in blue (405 um) an the other in red (670 nm). tiiereby 
forming a recording dye layer 111. Alternatively, two separated dye layers, one being 
absoiptive at one wavelength the other being absorptive at tiie otiier wavelengtii, may be 
deposited on top of each otiier. The tiiickness of tiie dye layer 1 11 is between 20 nm and 250 
nm at the location of tiie groove 100. By tunmg tiie viscosity of tiie dye leveling during spin 

coating and drying can be controlled. 

The pre-groove structure 100 is fontned witiiin tiie DVD substi»te 110 which is 
preferably made of polycarbonate, whereby tracks (360" turn of a continuous spiral) of tiie 
outer groove 101 are repUcated in tiie DVD substrate 1 10 at a track pitch of 740 nm. The 
vwdfli of tiie outer groove 101 is preferably between 200 nm and 400 nm. The deptii of tiie 
outer groove 101 is preferably between 80 nm and 100 nm which corresponds to a quarter 
wavelengfli of red Ught (X,_red/4) used for DVD in order to provide good servo signals (push- 
pull tracking error signals) for tracking when reading and/or recordmg witii red light 

The tracks of ttie inner groove 102 are repUcated in tiie bottom of tiie outer 
grooves 101 at flie same track pitrii of 740 nm. This groove serves for generating a servo 
signal for tracking during reading and/or recording witii blue light The groove v«ridtii of tiie 
inner groove 101 is preferably between 50 and 200 nm and its deptii is about 20 nm to 50 nm 
,« ««i«r tn obtain Boodnush-Tjull tracking error signals. 
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Dielectric layers 1 13, 1 14 are possibly provided above and/or below the 
recording dye lajrer, thereby forming a recording stack, in order to improve the optical 
contrast and/or recording perfonnance at high speeds. Light then may be reflected at the 
stack in response to a light beam incident from the substrate side due to an index of refraction 
5 mismatch between the recording dye layer and the dielectric. By this means, the reflection 
requirements for DVD and DVD-R can be easily met by tuning the thickness* of the 
dielectric layers. Many other recording stacks are possible in order to optimize die optical 
properties: the above recording layer sandwiched between two dielectric layers, a recording 
^e layer with only one adjacent dielectric layer or without any dielectric layers may be 
10 deposited on a reflective metal layer (not shown in this exanople), e.g. in a fashion commonly 
known from CD-R. 

Finally the recording dye layer 111, recording stack or the metal layer may be 
subsequently covered with a cover layer 1 12 having a thickness of e.g. 100 pm to 0.6 mm. 

The ccnnbination of a numerical aperture of NA=0.85, blue laser light of 405 

15 mn and the 100 pm cover layer ensures a weU defined dif&action-limited laser spot and 

ensures high quality data at BD recording conditions. Howev^, this high NA and cover layer 
thickness will cause spherical aberrations in case the red laser beam (670 nm) is used to write 
data. Therefore, spherical aberration corrections can be implemented by using a LC-cell, a 
grating, or a switchable lens (e.g. based on electrowetting) or a combi-lens (as known fl'om 

20 CD-DVD compatible drives). It is also possible to find a compromise by selecting an 
intermediate cover layer thickness of about 200 |jm. By this means, the BD-spot will be 
blurred, which may be beneficial for writing larger marks, and the blurring of the red spot 
will be reduced. Additional spherical aberration correction may be applied in this case, too. 

According to a second embodiment of the invention shown in Fig. 2, the 

25 principle of multilevel recording is extended to a three-fold compatibility. In this case a 
groove 200 is provided in a substrate 210 comprising three steps 201, 202, and 203, each 
having a different width, respectively. By this means, tracking is possible when reading 
and/or recording with laser beams of three different wavelengths, thereby providing good 
servo signals (pusfanpuU tracking error siguals). Accordingly, a mixture or a stack of three (fye 

30 materials having different absorption flanks should be provided as recording layer 21 1 . 

Furdier, in this example a reflective metal layer 215 is deposited on top of the recording dye 
layer 211, thereby forming a recording stack. As well, an arrangement such as shown in Fig. 
1 having two dielectric layei^ adjacent to the recording dye layer 211 may instead or 
additionally be deployed adapted to provide best optical performance of the stack. To this 
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end it may be advantageous to ftirther provide for different depths of the sub-grooves 201, 
202, and 203. FinaUy, the reflective layer 215 shown in Fig. 2 is covered with a cover layer 
212. 

Since the record carrier according to the present invention is also suitable for 
multaevel recording it might be fevorable to add a thin protection layer, for exan^le a 
transparent dielectric layer, between the ^ and the polycarbonate to avoid degradation of 
the polycarbonate and to maximize die contrast difference between partial (only the bottom 
part) and fuU degradation (the two modes finr two-level reoordmg). 

The invention is not limited to two- or Aree-fold compatibiUty but can be 
extended straight forward to a higher degree of conq)atibiUty, if required. Further, a 
nmWcolor recordable disc having multiple recording stacks (dideclric. recording dye layer, 
dielectric reflective layer etc.) such as described above laminated onto each other. These 
stacks may be separated by a spacer layer in commonly known feshion. 



.1 
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CLAIMS: 



1. A recoidable optical record carrier conq>iismg a recording dye layer (111, 

21 1), whereby said recording dye layer (111,211) comprises at least two organic dye 
materials being absoiptive at different wavelengdis. 

5 2. A record carrier according to claim 1 , characterized in that said at least two 

organic dye materials are mixed within one layer thereby providing a compound material 
with at least two absorption flanks. 

3. A record carrier according to claim 1, characterized in that said recording ^e 
10 lay^ comprises at least two recording sub-layers each comprising one of said at least two 

organic dye materials, respectively. 

♦ 

4. A record carrier according to claim 1, characterized in that a pre-groove is 
provided for tracking purposes comprising at least two sub-grooves having different widths. 

15 

5. A record carrier according to claim 1, characterized in that a pre-groove is 
provided for tracking purposes comprising at least two consecutive sections each having 
difiEbrent widths. 

20 6. A record carrier according to claim 5, characterized in that said at least one of 

said at least two consecutive sections conyirises at least two sub-grooves having different 
widths. 
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ABSTRACT: 



A tecoidable optical lecord carrier is provided cooaprising a recording dye 
layer, whereby said recording dye layer (1 1 1) conqxrises at least two organic dye materials 
being absorptive at different wavelengths. 
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